Abstract-A dual-band (915-935MHz and 1760-1805MHz) Yagi Uda antenna with branch structures is proposed. The parameters of the branch structure are optimized to obtain the antenna that operates perfectly in the two bands. Prototype is fabricated and measured, and the results are in good agreement with the simulated ones. The presented antenna achieves directional radiation in the two operating bands, and gets the performances that VSWR<2, gain 5-6.6 dBi and front-to-back ratio 6-9.1dB, making it suitable for the non-fixed base station backhaul in wireless communications.
I. INTRODUCTION
GSM communication is used wider and wider. In GSM communication system, which is a cellular communication system, the base station is fixed, and the users are mobile. In some special cases, when there are many more people gathered than usual (such as World Expo and Olympics) the channel capacity may be inadequate that leads to the problem of communication congestion and influence the nonnal communication. Under such circumstances, the non-fixed base station will be used and play an important role to solve the above problem. The backhaul from the non-fixed base station to the fixed base station is a point-to-point communication, so a directional antenna is needed. In this paper, we consider utilizing the guard bands of GSM communication, by which the channel capacity is improved, to design a dual-band antenna on the guard bands for the backhaul communication from the non-fixed base station to the fixed-station. The guard bands of GSM are 915-935MHz for GSM900 and 1760-1805MHz for GSM1800.
As a classic antenna, due to its high directivity, simple structure, easy to feed and low cost, Yagi-Uda antenna is widely used in wireless communications, but the bandwidth of the antenna is narrow. Throughout the last several years, many contributions have taken place in the design and optimization of Yagi-Uda antenna for specific applications [IJ- [3] . For example, a small and slim printed Yagi-Uda antenna was designed for vehicle GPRS system application [I] . Also, a successful attempt to improve the gain of a single Vagi-Ucla array using a periodic band gap (PBG) structure was proposed in [2] , which is used for wireless computer networking.
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Additionally, a broad-band quasi-Vagi antenna achieving a measured 48% bandwidth is presented for radar systems and millimeter-wave imaging arrays in [3] .
In this paper, for the backhaul from the non-fixed base station to the fixed-station in the wireless communication, a novel dual-band Yagi-Uda antenna is proposed. Simple branch structures are used to achieve the dual-band perfonnance. The proposed antenna is characterized by its simple structure, easy fulfilled and thus low cost. It can realize directional radiation in the bands 915-935MHz and 1760-1805MHz with VSWR<2, gain 5-6.6dBi and front-to-back ratio 6-9.1dB, which can satisfy the application requirements excellently.
The paper is organized as follows: we present the geometry and design concept of the proposed antenna in Section II. In Section III, important parameters are optimized. The simulated and measured results of prototype are given in Section IV. Finally, we draw the conclusions in Section V. The dual-band Yagi-Uda antenna is composed of the director, driver and reflector as shown in figure I . In order to operate in the two application bands, the antenna is designed with a simple and easy fulfilled branch structure.
The driver and reflector have a similar branch structure. To alleviate the interaction between short elements and long elements, we place the short element of the driver and the reflector next to each other, as shown in figure 2 -(a). For the director, if the same structure as the driver and reflector was selected, the long element would be equivalent to a reflector in the high -frequency band, and then it would cause the radiation direction reversed. Therefore, we adopt the structure that the long element and short element are connected by a branch as shown in figure 2 
III. DESIGN AND OPTIMIZATION
It is not difficult to discern that the short elements of the branches are mainly used for the high-frequency band, while the long elements are mainly for the low-frequency band. But in fact, because of the influences between the structure parameters, it is difficult for the short elements and the long elements to operate in their own individual band as we expect.
The performances vary greatly with structure parameters. If
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improper structure parameters are designed, the radiation directions at some frequencies may reverse to the reflector, or the antenna can not achieve good performances in the two bands simultaneously. In one word, it is difficult and crucial to determine the structure parameters in the design process. The design of the antenna includes the determination of initial structure parameters and optimization of the initial structure according to the dual-band performance requirement.
The It is a multi-objective optimization problem. The design objectives of the proposed antenna are to maximize the front to-back ratio FBR(x, t) and gain G(x, t), and achieve an input impedance Z(x, t) of approximately 500hm in the two bands.
We take the method that weighs multi-frequency and multi performs the task of analysing the antenna. 
IV. RESULTS
A prototype of the dual-band Yagi-Uda antenna with the dimensions optimized above is manufactured. The photograph of the fabricated antenna is shown in figure 3 . The elements are constructed of brass wires with radius of 1.1mm , and an epoxy resin plate is attached to the antenna to provide mechanical supporting and fixing. The measurement of the prototype is carried out by a HP8753D network analyzer. back ratio of the prototype in the two bands are given in table I from which we can see the front-to-back ratio values are 6-performances of VSWR and front-to-back ratio, a reasonable tradeoff is made between the performance parameters during the design process, which makes the gain of the antenna is not very high, but still acceptable for the above-mentioned application. All the results above demonstrate that the proposed antenna perform excellently to meet the requirements of the application.
V. CONCLUSIONS
In this paper, a novel dual-band (915-935MHz and 1760-1805MHz) Yagi-Uda antenna has been proposed for the non fixed base station backhaul in wireless communications. To achieve the dual-band performance, branch structures that are simple and easy fulfilled were used. The antenna configuration design and optimization methodology have been described. The qualitative discussions of the important parameters provide brief guidelines for the antenna designer.
A prototype of the dual-band Yagi-Uda antenna was fabricated and measured with the results reaching the excepted values. In the two operating bands, the proposed antenna achieves the directional radiation and performances that 292 VSWR<2, acceptable absolute gain 5-6.6dBi and front-to back ratio 6-9.1dB.
The dual-band Yagi-Uda antenna features simple structure, easy fulfilled and thus low cost. We fabricated the prototype in the wire form, in actual engineering the antenna can also be realized in other forms. Based on the proposed design concept, it is expected to develop antennas for wider applications in modem wireless communications.
